EXTRACTION AND COLORIMETRIC DETERMINATION OF ELEMENTAL SULFUR IN ORGANIC HORIZONS OF FOREST SOILS
A method is proposed for determining elemental S (S o) in organic horizons of forest soils. Elemental sulfur is extracted from the soil with acetone and assayed by a colorimetric method. The procedure is a modification of several existing methods and allows for the extraction of all forms of So. It also reduces the interference of colored extracts from forest litter. The detection limit is 100 mg' kg-I (I mg SO'mL-1 of solution) and So concentrations in excess of 50 000 mg' kg-I have been measured. Deposition of large amounts of elemental sulfur (So) to the forest floor (L,F and H horizons) has been demonstrated in the im mediate vicinity of two sour gas processing plants in the foothills of Alberta (Addison et al. 1984) . A method was required for monitoring the concentration of So in these surface soils. The precise measurement of So in biological systems is difficult and few attempts have been made to carry out such assays. A number of methods for the meas urement of So have been reported (Beaton et al. 1968; Roy and Trudinger 1970 ) but very few have been used in soils or sedi ments (Hart 1961; Filermans and Brock 1973; Barrow 1968) . None of the published Soil Sci. 65: 811-813 (Nov. 1985) methods have measured So in soils having high organic matter content. The determi nation of So in acetone extracts originally proposed by Hart (1961) involved the direct precipitation of So by solvent exchange. Preliminary investigations showed that this procedure was neither accurate nor sensi tive enough for organic forest horizons, giving values about 50% too high at 1000 mg·kg-1 So. The colorimetric determina tion of So in hydrocarbons, originally pro posed by Bartlett and Skoog (1954) , is rapid and accurate and has been used with carbon disulfide (CS2) extraction on sulfur-rich solfatara soils (Filermans and Brock 1973) . This note reports a method that involves acetone extractions as originally suggested by Hart (1961) and colorimetric determi-nation of So as thiocyanate following the proposal of Bartlett and Skoog (1954) . Preliminary investigations were con ducted to determine (i) the most suitable ex tractant for So polluted forest floor mate rials, and (ii) the effect of soil moisture and extraction time on the recovery of added So.
Polymeric amorphous So, produced through rapid cooling, is not soluble in CS2 or chloroform previously suggested for the extraction of So (Filermans and Brock 1973; Barrow 1968) . Since it is possible that this form of So is produced at natural gas plants, the solubility of samples from such a plant together with sublimed So (Fisher Chemi cal), and a So fertilizer were tested in ace tone and CS2 at concentrations of 100 and 200 mg' L -1. All forms of So tested were soluble in acetone. Sublimed So, fertilizer, and one form of So collected at the sour gas processing plant were either totally or par tially insoluble in CS2 after 24 h. Since sub limed and fertilizer So have also been found to be only slightly soluble in chloroform (7 mg·L -1; Barrow 1968) both CS2 and chlo roform were rejected as extractants of So from polluted forest floor materials.
Moist soil samples and air-dried samples (ground to 20 mesh in a Wiley mill) were analyzed for So. The samples used were from the LFH horizon of a lodgepole pine forest soil. Hart (1961) suggested that water from a moist soil would dilute the acetone and reduce the effectiveness of extraction. Results indicated there was no significant difference between the recovery of So from moist and air-dried samples (Table 1) and that the So concentration in the air-dried samples had a greater variability than the concentrations in the moist soils. The in creased variability in dry soils may be due to separation of the much denser So from the less dense organic material. Drying soils at temperatures greater than 25°C has been shown to lower recoveries of So (Barrow 1970) . This aspect was not investigated in this study.
Variable time periods have been sug gested for the extraction of So from soils. According to Hart (1961) 5 min are ade quate for the removal of So from soil with acetone, but Filermans and Brock (1973) indicated that complete extraction of So was achieved only after 3 h. To be certain they used 12 h in routine testing. During the sol ubility tests, approximately 45 min were required to dissolve pure So in acetone. Several samples with a range of So concen trations between 1000 and 20 000 mg' kg -1 were extracted for 1 and 16 h to determine the most effective extraction period. There was no significant difference (P>0.05, paired comparison) in the recovery of So be tween samples extracted for 1 or 16 h (e.g. 979 mg·kg 1 and 969 mg·kg-1, respectively).
The following procedure was adopted for the determination of So in the polluted for est soils near the sour gas plants. Air-dried or moist samples were placed in a 250-mL polyethylene screw-capped bottle and ex tracted with 100 mL of 100% acetone by shaking for 1 h. The amount of soil used varied between 0.2 and 1.0 g (oven-dry weight basis), depending on the expected So concentration. The minimum solution to soil ratio was 100: 1 (vol/wt). Lower ratios produced excessive color interference even with the use of a color blank. Increasing the solution to soil ratio did not affect the re covery of So. After filtering (Whatman No. 1), 5 mL of extract were mixed with 15 mL of NaCN solution 0.0 g NaCN in I L of 95% acetone vol/vol H20) and brought to 25 mL volume with 95% ace tone. A I-mL aliquot was transferred to a 10-mm spectrophotometer cell and I mL of a FeCl3 solution (4.0 g FeCI3·6H20 in I L of 95% acetone) was added. The absorb ance was measured at 465 nm against a sample blank. The sample blank was pre pared by diluting a 5-mL aliquot of the soil extract to 25 mL with 95% acetone instead of the NaCN solution, and carrying it through the procedure. The absorbance reading must be taken within 10 min fol lowing the addition of FeCl3 solution be cause the color is unstable in light. The con centrations of So in the extract were determined from a standard curve of I, 2, 5, 10, 20, 30, and 50 mg' L -I SO in acetone.
There was a straight line relationship be tween absorbance and So content (So (mg· kg -I) = 0.009 + 0.022 absorbance; r 2 = 0.995). Standard curves produced over a 6-mo period did not differ significantly (P>0.05) from the original curve.
The accuracy and precision of the deter mination of So in organic samples were tested by adding known amounts of So to the soil samples. Interference due to the colored extracts gave an absorbance read ing equivalent to 25-30 mg' kg -I of So in air-dried soils and 10-15 mg'kg -I of So in moist soils even after blank correction. The effect of the NaCN and FeCl3 in acetone ex tracts was negligible and interferences were due to the color produced from acetone sol uble organic matter. A detection limit of 100 mg' kg -1 was defined using a sample to background ratio of approximately 4: I. Re covery of added So varied from 90 to 104% in moist samples containing from 100 to 50 000 mg·kg-I. The precision of the method on air-dried soils was about ± 10% using 95% confidence limits as a percent age of the mean at 1000, 10 000 and 50 000 mg' kg -I. When the soils were extracted moist, however, the precision of the method was considerably improved (± 2.4%). It is recommended, therefore, that the soils be extracted in moist condition.
The major limitation of this method is the lack of accuracy and precision normally achieved in the testing of soil and biological materials. However, the proposed method, unlike those reported previously, is appli cable to organic soil materials and allows an estimate of So where a high degree of accuracy and precision is not required, and where levels of So exceed 100 mg' kg -I. Its advantages are rapidity and applicability to routine analysis in laboratories lacking ac cess to advanced instrumentation.
